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1 Manure Handling System Attributes Impact on Manure Management Investment 
Decisions 
 
Milk production levels and average herd size have been trending up on US dairy 
farms for decades.  Manure handling systems must accommodate the ever increasing 
volume of manure while considering increasing environmental regulations and public 
scrutiny (Dou et al. 2001; Fulhage 1997, Purvis and Outlaw 1995).  Poor manure 
management practices could lead to manure leaks, spills, and run-off from field 
application or manure storage resulting in fines or lawsuits.  These negative outcomes can 
be prevented with proper manure handling system design and management. 
Many preferred manure management practices, such as not spreading on frozen 
ground, require capital investments for manure storage facilities as well as cash operating 
costs to ensure the manure handling system is operating at required environmental 
standards.  These costs may make it difficult for farmers to adopt environmentally sound 
manure management practices, depending on the size and characteristics of the farm.  
While protection from nuisance lawsuits is a benefit for the farmer, future water users 
also benefit from sound manure management practices due to the lower probability of 
water contamination.  Manure management practices prevent future pollution but do not 
increase revenue
1 producing output of the farm hence decreasing the incentive to adopt 
environmentally friendly manure management practices.  Furthermore, environmental 
compliance is a moving target so producers must evaluate the option of delaying the 
investment of long term manure storage until it best fits the needs of their farm. 
Dairy producers can be categorized into three different groups when choosing the 
manure handling system they utilize on their farm.  The first group makes a capital 
                                                 
1 Although that may change if fertilizer cost remain at their present high levels. 
2 investment to maximize the usage of their dairy waste for crop production, hence getting 
the highest fertilizer value possible out of the manure while minimizing the potential for 
run-off.  This group typically uses long term manure storage facilities to store manure on 
the operation.  Tank spreaders are used to transport and apply the manure to available 
cropland, with the manure being incorporated into the soil for maximum nutrient 
utilization.  A second group fails to fully maximize nutrients utilized by the land for crop 
production in exchange for a relatively low cost method of waste disposal which is 
characteristic of a daily haul system (Fulhage and Pfost 1997).  A third group, attempts to 
maximize nutrient utilization typical of long-term manure storage by typically applying 
manure every few months using a relatively low cost waste disposal system characteristic 
of the daily haul system.   
Research on dairy manure management practices has investigated the implications 
of various optimization approaches (Rotz et al. 2002; Harrigan 1997).  However, more 
recently research has shifted to the evaluation of environmental stringency and the 
influence of environmental regulations on agricultural producer decision making.  
Weersink and Raymond (2006) evaluated the impacts of environmental regulations on 
agricultural spills and complaints for hog and dairy producers in Ontario, Canada.  
Results demonstrated large manure storage capacity is the most advantageous manure 
handling system because it efficiently utilizes the manure by applying it at times of the 
year when the nutrients are readily taken up by crops (fertilizer value).  Additionally, the 
increased uptake reduces the chance of agricultural waste run-off.  Interestingly, their 
results demonstrated that more intensive livestock regions had fewer agricultural spills 
due to adequate manure storage facilities and awareness of potential risks.   
3 Turnquist, Foltz, and Roth (2006) evaluated manure management strategies 
employed on Wisconsin dairy farms.  Results demonstrated that despite increased 
regulations aimed at decreasing run-off from agricultural sources, most dairy farms 
spread manure daily with less than one-third of the Wisconsin farmers having long term 
manure storage facilities which would prevent agricultural run-off.  Producers stated that 
environmentally friendly manure handling systems were not adopted due to the 
associated costs, return on investments with a long payback period, and labor availability.  
However, larger farms were more likely to operate with a manure nutrient management 
plan which indicates that long term manure storage was utilized.  
Past literature has recognized that manure handling system choices are influenced 
by environmental regulations.  However, this literature has not estimated how individual 
attributes of the manure handling system influences dairy farmer decisions.  This paper 
presents a method which determines the attributes of manure handling systems and farm 
characteristics that influence the choice of a manure handling system.  Data were 
collected through a Michigan dairy farm industry survey conducted in 1999 and 2005.  A 
random utility model (RUM) framework is used to estimate the probability that a farmer 
chooses one of three manure handling systems based on manure handling system 
attributes as well as farmer characteristics.  The paper proceeds by describing the three 
manure handling systems utilized by Michigan dairy farmers, the econometric model, and 
the data used for the analysis, followed by the model results and conclusions. 
Manure Handling Systems 
Manure handling systems for dairy farms include manure collection, storage, and 
application.  A dairy producer evaluates the trade-offs between the costs and benefits of 
4 available manure handling systems and picks the one providing the highest utility 
conditional on farm characteristics and limitations.  For this research we define three 
mutually exclusive manure handling systems: daily haul, short-term manure storage, and 
long-term manure storage. 
A daily haul system has little or no manure storage capacity beyond what is stored 
in the barn or manure spreader.  This system collects manure from the operation daily 
with a scraper or barn cleaner system and deposits the manure directly into the manure 
spreader.  Manure is spread on available land on a daily basis.  Equipment utilized by this 
system includes a tractor, box manure spreader, and barn cleaner system. 
A short-term manure storage handling system typically has storage capacity 
anywhere from a few days up to a few months (but not enough to store over-winter).  
Manure is typically collected in the barn using a skidloader or barn cleaner/gutter system 
and stored on dirt or cement lot until manure can be applied to available land.  The 
equipment used for this system includes a tractor, box (or tank) spreader, skidloader or 
front-end loader, and a cement or dirt lot to store the manure.   
The third manure handling system is long-term manure storage which typically 
has a storage capacity of six months up to one year.  Manure is collected from the barn 
using a skidloader or a flush system and stored in a lagoon.  Every six months manure is 
applied to the soil, which is typically right before the planting of and right after harvest of 
the crop, to optimize the use of all of the fertilize value of the manure.  The equipment 
used for this system includes two tractors, a tank spreader, skidloader, agitation pump, 
and lagoon.  The long-term manure storage system follows accepted manure management 
practices as well as provides fertilizer benefits.  Benefits associated with long-term 
5 storage manure handling systems include efficient use of nutrient levels recovered from 
manure as a fertilizer source, prevention of potential pollution or run-off problems, and 
compliance with manure management guidelines which may bestow legal protection.   
Limitations exist for each manure handling system.  In both the daily haul and 
short-term storage, manure storage facilities do not have storage capabilities for up to six 
months, and hence require frequent manure spreading.  Environmental concerns are 
greatest for these manure handling systems, since daily or frequent manure application 
leads to greater potential for run-off and pollution problems.  Frequent spreading is even 
more problematic in winter months if manure is applied on frozen ground.  During thaws, 
the manure can flow into rivers and streams.  Additionally, applying manure daily is not 
the most efficient use of the fertilizer value of manure since the crops cannot fully utilize 
the manure nutrients when applied. 
Limitations also exist for long-term manure storage.  These include a large initial 
capital investment for the construction of the manure storage facility, large annual 
operating costs, odor issues when manure is hauled, and a short time period to dispose of 
a large volume of manure.  Disposing manure in a short time period may also increase the 
probability of manure run-off due to over-application which could lead to environmental 
concern complaints issued by the public to the producer. 
Data 
  In the spring of 1999 and 2005 surveys were sent to 1,500 and 1,000 Michigan 
dairy farmers randomly selected from the Michigan Agricultural Statistics Service 
(MASS) list of active dairy farmers in 1999 and 2005, respectively.  The MASS list of 
Michigan farms included about 3,500 dairy farms in 1999 and 2,600 dairy farms in 2005.  
6 The 1999 survey had a response rate of 30.5%, of which 323 respondents indicated they 
were active farms (Wolf et al. 2000, Wolf et al. 2007).  The 2005 survey had an 18.4 
percent response rate with 124 respondents indicating they were active farmers.  
Producers were not required to answer each question of the survey.  Therefore, the item 
response rates differ from that of the overall survey response rate.  For the purpose of this 
paper we will be focusing on the information contained in the manure management 
section, as well as, basic farm characteristics, such as herd size, acres operated, and 
education of the principal operator. 
Econometric Model 
  A random utility model (RUM) was used to estimate Michigan dairy producer 
preferences for manure handling systems.  RUM models are widely used in situations 
where a single item is chosen from a series of mutually exclusive alternatives.  In this 
research the dairy farmer chooses one of three manure handling systems.  The choice of 
the manure handling system was modeled as a function of the attributes of the system as 
well as individual farm/farmer characteristics.  The farmers’ utility function can be 
represented as follows: 
(1)  ij i j ij ij z x U ε δ β + + = , 
where Uij is defined as the conditional indirect utility of manure handling system 
alternative j given attributes of the systems, xij, and individual farm characteristics zi.  The 
dairy producer is faced with j alternatives (j = 3), and will choose the alternatives that 
gives him the highest utility.  We can model the probability an alternative is preferred as 
(2)  Prob(Yi = k) = Prob(Uik>Uij for all j≠k).     
7 For this analysis we assume the error terms take the form of a Type I extreme value 
distribution.   





















Equation (3) gives the probability that farmer i chooses manure handling system j (daily 
haul, short-term manure storage, and long-term manure storage) as a function of 
attributes that vary by alternatives, farmers, and unknown parameters (Haab and 
McConnell, 2002).  Therefore, the dairy farmer considers the characteristics of the farm 
and the cost of the manure handling system, and increased liability when making his 
choice.   
  To implement the RUM model attribute variables were needed for the three 
manure handling systems.  Two attribute variables were generated for the three manure 
handling systems: manure handling cost and a liability index.  Harrigan (1995) simulated 
dairy manure management systems for five different herd sizes in Michigan using a 
comprehensive dairy forage model (DAFOSYM).  Using the assumptions and parameters 
specified by Harrigan (1995) the manure handling cost was derived as the following: 
(4)  = f(SC, OC, FC, LC)  j MHC
where 
MHCj  = Annual Manure Handling Cost ($/cow) for manure handling system j 
SC   = Structure Costs ($/cow) 
OC =  Ownership Costs ($/cow) 
FC   = Fuel Costs ($/cow) 
LC =  Labor Costs ($/cow) 
 
8  Structure  costs  (SC) include costs associated with the manure storage facility, 
such as a cement slab for short term storage and clay-lined storage pit for long term 
storage, as well as the machinery used specific to the manure handling system.  Specific 
machinery included a box spreader for daily haul, V-tank spreader for short term storage, 
and slurry pump/agitators and slurry spreaders for long term storage.  The costs of these 
items were valued at their investment cost.  Since the manure handling costs is specified 
as an annual dollar per cow value the useful life of the storage facilities were valued at 20 
years and with machines were valued at 10 years (Harrigan 1995). 
 Ownership  costs  (OC) included costs necessary to implement ownership and 
repair & maintenance based on accumulated use (Harrigan 1995).  OC were calculated 
for the manure storage facilities, tractors and loaders used for manure collection, and 
manure handling equipment used for manure application.  All costs were presented on a 
dollar per cow per year basis. 
 Fuel  costs  (FC) are the costs associated with fuel use for manure handling, which 
included collection, transportation, and application of manure.  Harrigan reported the 
number of gallons per year per cow used for the separate manure handling systems.  A 
fuel value of $2.50 per gallon was used to calculate the yearly per cow fuel use cost for 
each manure handling system (Harrigan 1995). 
 Labor  costs  (LC) included those costs associated with the collection, transport, 
and application of manure.  The labor costs varied greatly dependent on the type of 
manure spreader used as well loading and unloading rates of manure.  Harrigan reported 
the yearly hours of labor used per cow used for each manure handling system.  The 
9 hourly labor rate was valued at $10 per hour and multiplied by the number of labor hours 
used to result in the LC value (Harrigan 1995) 
  Table 1 presents the MHC calculated on a per cow basis for the three different 
manure handling systems.  This per cow value is multiplied by the number of cows in the 
herd to obtain the whole farm annual manure handling cost.  Reviewing these results we 
can see that per cow value decreases as the herd size increases.  Comparing across 
manure handling systems we can see that the MHC is lowest for the daily haul system for 
all herd size groups.  If dairy producers were strictly cost minimizers they would choose 
the daily haul system.  However, past experience demonstrates that larger farms typically 
utilize long-term storage facilities.  This indicates additional benefits are present for long-
term storage as mentioned earlier.  
Table 1. Total Manure Handling Cost 
  Herd size (cows) 
  60 150 250 400 800 
Daily Haul  ($/cow/year) 
  Structure Costs  29.08 15.33 11.00 10.45  5.23 
  Ownership Costs  276.00 190.00 175.00 157.00  136.00 
  Fuel Costs   16.43 15.78 18.41 26.29  31.55 
  Labor Costs  22.00 18.00 18.00 21.00  21.00 
    Total Daily Cost   343.52 239.11 222.41 214.74 193.78 
       
Short-term        
  Structure Costs  40.33 22.03 16.49 14.19  9.00 
  Ownership Costs  300.50 204.50 193.50 173.00  148.00 
  Fuel Costs  20.38 19.72 22.68 30.90  37.14 
  Labor Costs  20.50 17.00 16.50 18.50  20.50 
    Total Cost   381.71 263.25 249.16 236.59 214.64 
       
Long-term                 
  Structure Costs  51.58 28.73 21.97 17.94  12.78 
  Ownership Costs  325.00 219.00 212.00 189.00  160.00 
  Fuel Costs  24.32 23.66 26.95 35.50  42.73 
  Labor Costs  19.00 16.00 15.00 16.00  20.00 
    Total Long Term Cost   419.91 287.40 275.92 258.43 235.50 
 
10 One of the major benefits of long-term manure storage is the ability to use the 
fertilizer nutrients of manure when it is most beneficial to the crop.  Long-term storage 
allows the producer to apply manure every six months which corresponds to right before 
planting season and after harvest.  Harrigan reported the dollar value of manure used as 
fertilizer under the different manure storage simulations for various herd sizes.  Table 2 
presents the percent decrease in manure handling cost due to the inclusion of the fertilizer 
nutrient credit.  This monetary savings was subtracted from the MHC presented in Table 
1 to result in a manure handling cost net of the nutrient credit (MHC_NC) as presented in 
Table 3.  Reviewing Tables 2 and 3 it is apparent that the cost savings is greatest for the 
largest herds demonstrating the manure handling costs exhibit economies of scales such 
that there is a decrease in the long run average costs.  These results are consistent with 
previous research on the economics of manure handling systems (Garsow 1991).   
 
Table 2.  Percent change in MHC due to inclusion of fertilizer nutrient credit  
 Herd  size  (cows) 
  60  150 250 400 800 
 Percent  change 
NC-Daily    -21% -29% -32% -33% -36% 
NC-Short  -19% -26% -29% -30% -32% 
NC-Long  -18% -24% -27% -28% -30% 
Note: NC=Nutrient Credit 
 
Table 3.  Manure Handling Cost Net of Fertilizer Nutrient Credit 
 Herd  size  (cows) 
  60  150 250 400 800 
 ($/cow/year) 
NC-Daily    271.50 170.39 150.57 144.64 124.86 
NC-Short  308.53 193.78 176.50 165.65 144.98 
NC-Long  345.56 217.16 202.43 186.66 165.09 
 
11 Evaluating the three different manure handling systems presented in Table 3 we 
can see that long-term manure storage has the highest cost per cow per year.  This is 
consistent with past research (Fulhage and Pfost 1997; Ohio Livestock Manure 
Management Guide 2006; Garsow 1991) demonstrating the sensitivity of the large 
investment and annual costs imposed by utilizing a long-term storage.    
  Using a long-term manure storage handling system indicates that dairy farmers 
are voluntarily following the generally accepted manure management guidelines, and 
therefore are protected against nuisance lawsuits.  Twenty-six percent of the respondents 
in 1999 and 55% of the respondents in 2005 indicated that they were either implementing 
or planning to implement a nutrient management plan to be in compliance with the 
guidelines put forth with the “Right to Farm Act.”  This demonstrates that the manure 
handling system used can provide a source of liability protection.  To address this issue a 
index was generated for each Michigan county to reflect risk associated with the location 
of the farm.   
Herath, Weersink, and Carpentier (2005) develop a state specific environmental 
stringency index and compared it to fourteen previously defined environmentally 
stringency indices.  Each of the fourteen indices was developed in a slightly different 
manner.  The index generated by Herath, Weersink, and Carpentier was calculated in two 
steps.  The first determined the level of environmental regulation in each state.  The 
second step was to determine which state specific variables explained the environmental 
regulation within each state.  These explanatory variables included such items as the 
population, animal growth rate, animal density, and income level of each state.  The 
12 results of the second step were used as the environmental stringency variable to explain 
livestock share.  
Although actual liability data associated with manure handling systems was not 
available, a liability index was generated using methods outlined by Herath, Weersink, 
and Carpentier to address the environmental liability risk associated with each county in 
Michigan.  The liability index was generated as a function of the number of 
environmental complaints put forth by the public against dairy farms as well as individual 
county level characteristics.   
Environmental complaints included issues pertaining to odor, surface run-off, 
ground water contamination, and any combination of two or more of these complaint 
issues.  Environmental complaints from the public were sent to the Michigan Department 
of Agriculture Environmental Stewardship Division.  Upon receipt environmental 
complaints were reviewed by the Environmental Stewardship Division to determine if 
they were valid, or non-valid.  A non-valid environmental complaint is one where the 
producer was following the generally accepted manure management practices and hence 
protected by the “Right to Farm Act” guidelines.  For the purposes of this research it was 
assumed that the summation of all valid complaints from 1998-1999 and 2003-2004 
would be the proxy for the increased environmental risk associated with each county for 
the two time periods.  
In addition to the number of complaints issued in a county, individual 
characteristics of the county can influence the associated environmental risk.  For 
example, farmers living in more populated counties or those with larger water area or 
land devoted to farming practices may have a higher increased risk than those that do not.  
13 The individual county level data was collected on the following variables: population, 
land area, farm acres, and water area (U.S. Census Bureau 1997, 2002; US Census of 
Agriculture 1997, 2002; Michigan Information Center 2000, Michigan Department of 
Agriculture, 1998-2004, Department of Environmental Quality, 2007).  Each of the 
county level variables was standardized by the state average to capture the relative 
position of the counties (Herath, Weersink, and Carpentier 2005). The liability index was 
generated as: 
(5)  j k k k k k k MHS C F W L POP LI + + + + + =  
where        
LIk   = Liability index for county k  
POPk =  Population in county k  
Lk   = Land area in county k  
Fk =  Farm acres in county k  
Wk   = Water area in county k  
Ck  = Number of environmental complaints issued in county k during 1998- 
    1999 and 2003-2004 
MHSj   = Manure handling system where j daily haul=3, short term=2, and  long  
   term storage =1  
 
In equation (5) MHSj is added as an adjustment factor to account for the 
associated liability risk of daily haul and short term storage compared to that of long term 
manure storage.  For example, a daily haul manure handling system does not follow the 
general guidelines for manure management set up by the “Right to Farm Act” since the 
farm would be applying manure in the winter months and not incorporating the manure 
into the soil within 72 hours of application.  Therefore, in the liability index, utilizing a 
daily haul and short term storage is considered to be more risky than using a long-term 
storage manure by a factor of three and two for daily and short term, respectively.  It is 
hypothesized that as the environmental risk increases with the associated manure 
14 handling system the producer will be more likely to adopt a long term storage handling 
system. 
  In addition to attribute variables for the manure handling system cost and liability, 
explanatory variables were included in the analysis to describe the individual farm and/or 
farmer.  The following two variables were considered individual specific variables, which 
mean they do not vary across alternatives.  The principal operator’s education level 
(EDU) was included in the analysis as a proxy for the farmers’ willingness to adopt new 
technologies.  The expected sign on this variable is positive since one would assume as a 
farmer increases his level of education past high school he is more likely to adopt new 
technologies, such as long term manure storage facilities.  
Farm land acreage available for manure application, both owned and not owned, 
(ACRESOP) was included in the analysis to describe the individual farm characteristics.  
This variable is important since it describes the farm characteristic related to availability 
of land for manure disposal.  If a farm does not have an adequate land base they will need 
to find additional agreements to dispose of the manure, hence increasing their manure 
handling costs.  As the amount of acreage increases it is expected that the producer would 
be less likely to adopt a long term manure storage facility.  However, there are arguments 
that the sign on this variable could be positive indicating that as acreage increases you 
would be more likely to adopt long term manure storage since you would have the 
available acreage to dispose of the large amount of manure stored in a short period of 
time.  Both of these arguments are valid, therefore the expected sign could be negative or 
positive for this analysis.   
15 To run the conditional logit model with individual specific characteristics as 
regressors we must generate an alternative specific interaction terms.  These were created 
for the EDU and ACRESOP variables.  ACRESOP1 and EDU1 are interacted with the 
daily haul manure handling system and ACRESOP2 and EDU2 are interacted with short 
term manure storage.    
 Results 
Comparing manure handling survey results from the 1999 and 2005 survey we can see 
that there was a shift in the manure storage handling systems utilized by the farms as 
presented in Table 4.  In particular, the daily haul manure handling system decreased by 
7% from 1999 to 2005 with an increase of 9.7% increase in the use of long term manure 
storage over the same time period.  The survey results from both time periods 
demonstrate that smaller herds tended to haul manure daily, while those with larger herds 
were more likely to use long term manure storage.  These results are consistent with the 
research done in both Wisconsin and Ohio (Turnquist, Foltz, and Roth 2006; Rausch and 
Sohngen 2006).   
 
Table 4.  Michigan Dairy Farm Manure Handling Practices by Herd Size  
  Number of farms by milk cow 












>250 Total Percent  of 
Total 
1999              
 Daily Haul  11  26  17  21  6  4  85  30 
 Short-term storage  6  16  18  14  9  9  72  25.4 
  Long-term  storage  5 12 21 24 34 18 114  40.3 
             
2005              
  Daily  Haul  5  7 6 2 3 0 23  23 
  Short-term  storage  0  7 9 3 3 4 27  27 
 Long-term storage  3  7  7  8  14  11  50  50 
 
16 The same regression was run for both the 1999 and 2005 survey data to determine 
if there was a difference in signs of the estimated coefficients and significance of the 
explanatory variables between the two time periods.  The five explanatory variables used 
include two manure handling system attributes: manure handling cost net of nutrient 
credit (MHC_NC) and the liability index (INDEX), and the two individual specific 
variables for the farm/farmer: acres operated (ACRESOP) and education of the principal 
operator (EDU).   Regression results are presented in Table 5.   
 
Table 5.  Estimates for the Conditional Logit Model for Alternative Manure Handling 
System Choices 
   1999  2005 
Variable Variable  Definition Coefficient  Coefficient
MHC_NC  Cost of Manure Handling System ($/farm)  -.0000008*  0.00085* 
(std error)    (0.0000) (.00005) 
     
Acresop1 
(std error) 
Interaction between acres operated and 





     
Acresop2 
(std error) 
Interaction between acres operated and 





     
EDU1 
(std error) 
Interaction between education level of 
principal operator of farm and daily 





     
EDU2 
(std error) 
Interaction between education level of 
principal operator of farm and short term 





     
INDEX 
(std error) 
Liability index generated for manure 





      
Log 
Likelihood 
 -247.10  -101.64 
Observations   239  89 
*Significant at the 5% level 
 
17 Reviewing the regression results reveals that the signs on coefficients across the 
two years are not the same.  The MHC_NC variable was of particular importance, 
especially since it had a positive sign for the 2005 regression.  This positive sign 
indicated that as the price of the manure handling system increased the producer was 
more likely to adopt a long term storage system.  The sign on the MHC_NC for the 1999 
regression was negative, which follows cost minimization theory demonstrating that as 
the cost of adopting long term manure storage increases the producer is less likely to 
adopt it.  A possible explanation for this difference in signs between the two years is the 
amount of pressure put on producers to adopt environmentally friendly manure 
management practices.  In 1999 environmental issues were on the radar, but were not 
considered as high priority as they have been in recent years.  In Michigan, the Generally 
Accepted Agricultural and Management Practices for Manure Management and 
Utilization (GAAMPs) was amended to include additional guidelines on site selection of 
manure storage and odor control for new and expanding livestock production facilities 
(MDA 2008).  This demonstrates there was a shift in environmental stringency for all 
farms after 2000.  If farmers were planning on expanding or building a new manure 
storage facility they had (or were strongly encouraged) to follow these guidelines, and 
therefore adopted long term manure storage facilities even if it was not the lowest cost 
option for their operation.   
The liability index (INDEX) was positive for both regressions, however only 
significant in the 2005 regression.  A positive sign on the environmental complaints index 
implies that as the risk of environmental concern complaints increases a producer is more 
likely to adopt a long term storage facility.  INDEX was not significant for the 1999 
18 regression.  In 1998 only seven environmental concern complaints were made regarding 
manure management on dairy farms compared to the highest number of complaints 
(seventy-two) made 2001.  The highest number of complaints directly followed the 
amendment in GAAMPS demonstrating the increased emphasis on environmental 
stringency pertaining to manure management. 
Table 6 and 7 present the liability index value (INDEX) used in the analysis for 
the top five milk producing counties and top five populated counties in Michigan (as of 
2005).  We can see that the liability index increased for all five top milk producing 
counties.  The largest increase, not surprisingly, was for the top milk producing county.  
From 1998 to 2005 Clinton county received 13 environmental concern complaints 
compared to Ottawa which received zero complaints. 
The liability index decreased from 1999 to 2005 for the three most populated 
counties in Michigan, but increased for both Kent and Genesee counties.   Kent county 
produced 2.8% of the overall milk production for the state of Michigan with 14 
environmental complaints issued from 1998-2004.  Genesee county only produced 0.5% 
of overall milk production with 2 environmental complaints issued.  These results 
demonstrate that while a large number of animals in one centralized location may 
increase the number of environmental complaints issued, a large population near 
concentrated animal locations, such as the case for Kent county also play a significant 
role in the liability associated with manure management.    
19 Table 6.  Liability index values for the top five milk producing counties, 1999 and 2005 
  Liability Index 
Rank County  1999  2005 
1. Clinton  5.10  7.25 
2. Huron  7.52  10.76 
3. Sanilac  5.29  6.47 
4. Allegan  7.53  12.66 
5. Ottawa  7.72  7.83 
 
Table 7. Liability index values for the top five most populated counties, 1999 and 2005 
  Liability Index 
Rank County  1999  2005 
1. Wayne  35.97  34.94 
2. Oakland  17.65  17.58 
3. Macomb  16.00  16.01 
4.  Kent 10.79  13.86 
5. Genesee  8.26  10.44 
 
The interaction between acres operated and short term storage (ACRESOP2) was 
significant at the 5% level for the 2005 and 1999 regressions.  A negative sign 
demonstrating that as the number of acres operated increased the producer would be less 
likely to adopt long term storage since they had an adequate land base to dispose of 
manure.  The interaction between acres operated and daily haul (ACRESOP1) was 
negative and significant at the 5% level for the 2005 regression. ACRESOP1 was not 
significant in the 1999 regression.   
Conclusions 
  As environmental regulations becoming increasingly more stringent a greater 
understanding of the factors which influence agricultural producer’s adoption decisions is 
needed to better design environmental assurance programs.  The results suggest that 
manure handling attributes in addition to individual farm characteristics do influence the 
manure handling system utilized. The results from the liability index not only capture the 
20 risk associated with concentrated animal levels in a county, but also address the 
awareness of environmental concerns put forth by the public, as demonstrated with the 
Kent county INDEX values.  This research demonstrates that costs of manure handling 
systems, as well as compliance with environmental programs, play the largest role in 
determining the decisions made by producers and should be considered when designing 
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